The spectrum parallel to the local magnetic field in MHD turbulence has been measured many times by solar wind observations and in numerical simulations. Typically it showed a k −2 power law scaling, consistent with the standard Goldreich-Sridhar model [1] . In this Letter I argue that this k −2 scaling is simply the ω −2 scaling of Lagrangian frequency spectrum in strong turbulence. As Alfvén waves propagate exactly along magnetic field lines, the measurement of the spectrum along the field line is equivalent to the measurement of the frequency spectrum. It is now became clear that the "critical balance" of Goldreich and Sridhar is simply the relation between Lagrangian and Eulerian spectra and is inevitable consequence of strong Alfvenic turbulence, rather than a conjecture based on the uncertainty relation. I hope that this result will conclude the debate on the nature of parallel spectrum in strong Alfvénic turbulence. Introduction -The concept of locality of strong turbulence combined with the conjecture of self-similarity lead Kolmogorov [2] to derive his −5/3 power law scaling. While the self-similarity hypothesis has been later amended, the concept of locality of the energy transfer stood. One of the important properties of hydrodynamic strong turbulence is its Lagrangian frequency spectrum, describing how the velocity of the fluid element, embedded in a flow, changes with time. Given that the dot product of the full derivative of the velocity and the velocity itself is a work done upon a fluid element, one could estimate δv τ · δv τ /τ as the dissipation rate per unit mass ǫ, measured in cm 2 /s 3 . More precisely, the second-order structure function of velocity should satisfy:
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in the inertial range. This structure function is equivalent to the Lagrangian frequency spectrum of E(ω) = ǫω −2 [3] [4] [5] . The cutoff of this spectrum is associated with the timescale of critically damped eddies, e.g. the Kolmogorov timescale τ η = (ν/ǫ) 1/2 , which has a different dependence on viscosity ν compared to Kolmogorov lengthscale.
Astrophysical and space plasmas are well-conductive and could be described as a magnetohydrodynamic fluid, which is usually turbulent, see, e.g., [6] [7] [8] . The presence of the large scale magnetic field changes the dynamics dramatically. Analytic weak turbulence theory [9] verified that turbulent cascade proceeds primarily in the direction perpendicular to the mean field and that MHD turbulence has a tendency to become stronger during the cascade. Similar qualitative arguments earlier lead [1] to suggest that the inertial range of MHD turbulence will be strong turbulence. They also argued that such turbulence will be "critically balanced", or marginally strong, with the linear propagation term always contributing comparably with the nonlinear interaction term. This gave a prediction of k ∼ k 2/3 ⊥ anisotropic cascade, which was confirmed in several numerical studies, e.g., [10, 11] .
The trivial change of variables in the perpendicular spectrum, expressing it through the parallel wavenumber, will result in the k −2 scaling for parallel spectrum. The measurements of parallel spectrum in the solar wind mostly confirmed the k −2 scaling [12] [13] [14] [15] [16] .
One observation is paramount for our understanding of parallel spectrum. While GS95 had a closure model predicting the k ∼ k 2/3 ⊥ anisotropy in the frame associated with the global mean field, it was not observed in [10] , rather this anisotropy was observed in structure function measurement performed in the frame associated with the local magnetic field. Similarly, [12] observed the k −2 parallel scaling using the wavelet technique and associating parallel direction to the direction of the local field. It is easy to estimate that if local anisotropy k ∼ k 2/3 ⊥ existed in strong turbulence, such anisotropy will be washed-out in the global frame by large-scale perturbations of the magnetic field. It is also true that if the anisotropy k ∼ k 2/3 ⊥ has to be in global frame, it will not be observed in the local frame.
Alfvén waves are rather different from other type of waves in that they always propagate along the magnetic field line, irrespective of the direction of its wavenumber. Such propagation could be described as a functional dependence of f 1 (s − v A t) for the w
where s is a distance along the field line. Thus, in the given snapshot of MHD turbulence, the sampling along the field line is equivalent to the measurement of the wave evolution either forward or backward in time. This idea has been already fruitful in explaining the asymmetric Richardson diffusion of magnetic field lines [17] . As far as the parallel power spectrum goes, it is clear that it is simply the sum of Lagrangian frequency spectra of w + and w − [18] . Similar to previous expression for the time structure function and assuming balanced turbulence, e.g. the same properties of w + and w − , the spacial structure function cal- culated with respect to the local field will be expressed as SF (l) = ǫlv −1
A . Another way to argue the k −2 parallel scaling is to use the Alfvén symmetry of reduced MHD, see, e.g., [19] . Indeed, this symmetry dictates that changing v A while keeping k v A constant leave equations unchanged. Therefore, one must keep energy E(k )dk constant under such transformation, which require that
A . Using Kolmogorov self-similarity hypothesis that dictates that the spectrum can only depend on dissipation rate and the wavenumber we arrive at
where C is dimensionless constant, which is the only dimensionally correct expression given the above constraints. Similar dimensional argument has been used in [19] to argue the GS95 functional form of the k ∼ k 2/3 ⊥ anisotropy relation. It is interesting that MHD have no such symmetry but there are strong analytical arguments in favor of Alfven waves governing the cascade in the inertial range of MHD turbulence as well [1, 19] . It is therefore interesting to check if the parallel spectrum still follow the relation (2) in MHD. Especially interesting is the case with zero mean magnetic field where the v A in (2) will be determined by the RMS of the fluctuating magnetic field, e.g. it will be completely different from the very strong mean field limit of the RMHD formulation. Assuming the Kolmogorov self-similarity with the standard −5/3 spectrum, the Kolmogorov time-and length scales can be expressed as
where n is the order of the dissipative term, e.g., two for scalar Newtonian diffusivity. Numerics -We have used numerical data from our DNS of strong reduced MHD turbulence. Those were well-resolved, driven simulations and we reported the simulation setup and the perpendicular spectra in some detail in [20] , see also the magnetic field line, and for the reduced MHD cases we calculated the one-dimensional spectra along the direction of the global mean magnetic field. As the measurements are always affected by the finite Re effects we have used a rigorous scaling study argument, which is fairly common in the analysis of experimental data and DNS [20] [21] [22] [23] [24] . The parallel spectrum was plotted vs dimensionless wavenumber kv A τ η and compensated by k 2 to see how the scaling is consistent with (2). This measurement is presented on Fig 1. For the reduced MHD case the spectra collapse on the dissipation scale, although for most interval they are somewhat shallower (-1.9 instead of -2). Nevertheless, if spectra are
The spectra along the global mean field in M1-3, M1-3H. The M1-3H spectra has been multiplied by a factor of two. We check if this energy spectrum scaling is consistent with −5/3, i.e. equivalent to perpendicular scaling. compensated be -1.9, the convergence on the dissipation scale is lost. Given that reduced MHD has precise Alfven symmetry and driving turbulence to be strong on the outer scale requires a certain value of ǫ, it does not allow us to check the linear scaling with ǫ in (2) . For this purpose we performed statistically isotropic MHD simulations with zero mean field for which there is no Alfvén symmetry and the inertial range scaling (2) can not be rigorously argued based on units. Despite that, we hoped that the RMS field can play the role of the local mean field [25, 26] and the parallel spectrum will still follow (2) in the inertial range. In the MHD case we actually used simulations with different ǫ and also used the measured RMS Alfvénic speed in formula (2) . Fig 1 demonstrates  that there's an inertial range convergence to k −2 even in this zero mean field case. The linear scaling with ǫ, not ǫ 2/3 is also confirmed. Fig. 2 presents a measurement of spectrum along the global mean field which is grossly consistent with −5/3, i.e. the perpendicular spectral measurement [20] . This was argued to be due to contamination of parallel spectrum by perpendicular spectrum, see, e.g. [24] . Indeed the RMS angular deviation of the local mean field direction is δB L /B 0 , while the Goldreich-Sridhar anisotropy on some inertial scale l will be δB l /B 0 , much smaller.
Discussion -Most observational data from the solar wind has been pointing to the k −2 parallel spectral slope. For example [12] used a wavelet technique to follow the local field direction and obtained k −2 slope. This has been further improved in [15] and compared with the global Fourier spectra. [13] obtained similar results with wavelets and demonstrated scale-dependent anisotropy. The structure function measurement in [16] again confirmed the same scaling. Multi-spacecraft measurements allowing better coverage of k-space [14] also confirmed k −2 . Earlier measurements in the global frame, e.g. [27] reported scale-independent anisotropy, which as we argued above is consistent with the theory as well. As far as numerics go, the measurements along the local field direction gave the k −2 slope, e.g. [10, 11, 24, 28, 29] , while the measurements in the global frame gave scaleindependent anisotropy, see, e.g. [30] or Fig 2. Recently, the debate on the parallel spectrum has been revived, in particular [31] measured quasi-isotropic spectrum in the solar wind after filtering out discontinuities, while [32, 33] suggested a new model with "ricochet" cascade that effectively fills parallel direction and results in the same slope, as in perpendicular direction, citing [30, 31] as motivation. My data strongly disfavors this model, as the observed −2.0 ÷ −1.9 parallel spectral slopes are much steeper than either −5/3 or the −1.5 suggested in [32, 33] . It is also not clear why global measurement [30] should support the alternative model or whether filtering in [31] interfere with the local field direction enough to destroy the weaker k −2 parallel spectrum. Measurements of Lagrangian frequency spectrum in   FIG. 3 . Convergence of alignment measures DA and IM defined in [29] from M1-3H (top) and M1-3 (bottom). The alignment slopes converge to relatively small values, e.g., 0.06 for DA which is way smaller than 0.25 predicted by [36] . This has been already pointed out based on lower-resolution simulations in [24, 37] .
hydrodynamics has been performed my many authors, see, e.g., [34] and references therein, and showed correspondence with the theoretical ω −2 . First direct measurement of Lagrangian frequency spectrum in statistically isotropic MHD turbulence has been performed in [35] and tentatively confirmed the ω −2 scaling, but the results from simulations with strong mean field were less clear. Also, the connection between Lagrangian frequency spectrum and parallel spacial spectrum has not been made in [35] . In this Letter I argued that the measurement of the spectrum along the field line in Alfvénic turbulence is equivalent to the measurement of Lagrangian frequency spectrum and therefore the Goldreich-Sridhar scale-dependent anisotropy [1] is a trivial relation between Eulerian and Lagrangian spectra, each of which separately has been well known in theories of strong turbulence since 1940s.
The deviation from the expected k −2 scaling is evident on Fig. 1 and are very interesting from theoretical viewpoint. Indeed, the best convergence on the dissipation scale is obtained by using −2 slope as we used on Fig 1 and this can be reasonably argued to be the asymptotic slope by applying the rigorous scaling study argument [20, 24] . However, the medium scales demonstrate the slope around −1.9. Note, that if we use to compensate by k 1.9 instead of k 2 , this will destroy convergence on small scales. It is interesting that this +0.1 correction to the theoretical parallel slope in the medium scales is comparable with +0.15 ÷ +0.25 deviation from the theoretical −5/3 scaling for the perpendicular slope. The latter deviation was argued to be due to local-inscale dynamic alignment [36, 38, 39] , however the connection was not clearly established either theoretically or numerically, furthermore the alignment slopes tend to converge to fairly small numbers, see [20, 24, 29, 37] and Fig. 3 . If the hypothesis of alignment was correct, given the assumption of strong turbulence, the parallel spectrum will still retain the same k −2 scaling, which could be argued by either critical balance argument, as was done in [36, 38] , or the argument suggested in this paper. Within the paradigm of strong turbulence it is only the deviation from turbulence locality that could result in a correction to parallel slope. We reported earlier in [29] that numerics unambiguously point to worse scale locality of MHD compared to hydro and conjectured that the corrections to perpendicular scaling could be due to this, and not due to alignment [24, 29, 37] . The significant +0.1 correction to the parallel scaling, which is not supposed to appear in the alignment models, offer some support for this conjecture.
